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ABSTRACT

Observations of the luminosity-sensitive CO absorption
band at 2.3 . are presented for the nuclei of 16 E and S0
galaxies. Preliminary data on the raéial variation of the
CO index in 6 galaxies are also given. ' The data show that the
2-p radiation from the nuclei is dominated by high luminosity
stars of integrated spectral tfpe'later than K5. There is only a
‘small variation in the CO absorption from galaxf £o g;iéﬁy;m
and only a slight variation with measuring aperture size from
17?S‘to 59". The data can be used to synthesize stellar pop-

ulations for elliptical galaxy nuclei.
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I. INTRODUCTION

In previous papexrs, Baldwin, Danziger, Frogel, and Persson
(1973%), and Baldwin, Frogel, and Perssﬁn (1973b) presented
phqtometric measurements of the.2.3—u CO absorption band in
stars, and demonstrated that the strength of tgis band aepends
on spectral type and luminosity in stars later than X0. Obsérva~
tioné of the nuclear regions of the Sb galaxies M31 and M81
_showed that'fﬁom 2.0 to 2.4 4 the radiation~of-fhese“galaxies“
is probably dominated by late-type giants. Because of its sensi-
tivity to the luminoéiﬁyof the late-type stellar component,
the CO band strength is an important pagameter for the construction
of stellar:synthesis models of elliptical galaxies (Faber 19?2).
In éddition, if a_large enoughlmeasuring'ape:ture is used, tﬁe
éynthesized étellar ﬁodel can yield information on the evolutionary
:cq;rection to qo, the cosmological deceleration parameter
(TinsLey 1973). .This Letter presehts-préliminary obsefvations
of the nuclear regions-of 16 E and $0 gaiaxiéS‘and a feport
on the tadial vériaﬁion of the qo parameter in 6 of these galaxies.
1t was considered worthwhile to- present these'results now bécause
of.interest shown in them énd in their fotential significance
witﬁ fegardlto the steliar content of gélaxies and reléted

2

cosmological questions.



Ii a OBSERVATIONé :

The observations degcribed in ﬁhis péper were made in
Arizona with the 2.l~m télescope on Kift Peak and the 1.5-m
telescope on Mt. Hopkiﬁs, and at the Hale Observatories using
.the Mt. Wileﬁ 60-inch telescope énd the Pa1omar 200-inch Hale
Telescope. The data were obtained with two photometric systems
éimilar to but different from that described by Baldwin et al. {1973b) .
These new systems increase the discrimination between giant and
dwarf_stats-by 0.07 mag ét MO, compared to the_system of Baldwin
et al. (1973b). The measurements made at the Hale Observatories
were obtained with an InSb detector and filters at 2.38u
(Ax = 0.0Qu] and 2.2u (AX = 0.13u). At Kitt Peak a PbS detector
and.filters at 2.36u.(ﬂk = 0.0Bp) ahd,?.iOu (M\J/= 0.08u) were used.
- The [2.4u] - [2.2y] color measures the depth §f the CO absorption
~ band near 2.4yu. B |

A large number of stars covering'thelrelevanﬁ rangé of
épectral type was observed on all three photometric systems ;
the two new ones_ana'that of Baldwin et‘al. (1973b). For all .

- types of stars it was possible to perferm a simple transfdrmation
between the CO indices, defined as ghe (2.4u] —'£2.2u] color,

of the two new systems. Since most of



the galaxy measurements were made at the-Héle Obscrvatory
telescopes, all‘the pgesent data were transformed to that
systém and are presented in figure 1. a satisfactory one~to-one
transformation was also found to exist between the indices measured
with tﬁe two new syséems and those ﬁeasured with the systen
of Baldwin et al. (1973b)'fof giént'and supergiant stérs.. Thus
figure 1 includes all the luminosity class III and brighter
:stars p:eviouslf observed with the system of'Baldwiﬁ‘et_al. {(1973b)
plus an additional 17 supergiants in h and x Persei observed
with that system; The error introduced by the transformations
is much léss than the intrinsic dispersion;in the CO index at
a givén spectral type.

The galaxy'bbservatibns were made with circular, focal
'piéne apertures centered on the optical nuclei. The aperture
‘ diémeters were 59" on the Mt. Wilson 60-inch, 50" on the 2.1l-m,
40" on the Mt, Hopkins 1.5-m and 17Y5 oh_the 200-inch. |
The "reference" beaﬁlwas‘cénfered‘twO-andvaéhalf aperture
diameters awéy from the center of the “signél" beam. Since
'the'flux ;n the refereﬁce beam was muchriess than 10 percent
of the flux in the signal beam, no.correction was.applied.
All of the gala#y measurements are plotted in figure 1 and
given in table 1. Note that only one galaxy, NGC 221 = M32,

was ﬁeasured on the system of Baldwin'et_al} {(1973b).



To reduce the systematic errors, a grid of 9.Stars was
chosen as standérds with the criteria that they bracket the
expected colors of the galaxies and that they be close to the
galaxies in the.sky. At least three of these stars were monitored
throughout any night that galaxies were being observed.

The errérs quoted in table 1 are the one standard deviation
of thé_means presented; ' they result mostly'from‘.
detector noise. There are additional systematic errors in the
photometry. For'pointi sources, repeated méasureménﬁs of the
staﬁda;ds indiéated that.the error in the index
‘was less than #%0.01 mag. Sampling of the Cb index across_thé
focal;plane diaphragm indicated variations as large.as - #&0,02 mag.
Care was tékeﬁ to observe stahaard sta:s.at a position on the diaphragm
lﬁhich corresponds to the average iﬁdex-over-the diaphraam: therefore, the
transfer from aﬂlexteﬁded galaxy to stars should not contain a
systematic errér of mo;e than 0.02 mag. 'Systematic errors

Ay

which may arise from the differencé in the effects of guiding
and séeing oﬁlthe images of étars ana galaxies are estimated
in‘all'cases to be less than O.dl mag.

| Corrections to the CO indices for the galaxy redshifts
were caléulated from the knoﬁn.filter fesponse curves éhd by

assuming that the galaxy energy distributions are similar

to that of a K5 III star (Frogel 1971). This procedure is



'justified.in the discussion'below. For'z < (.01 the correction

is <+ 0.005 mac in tne-co index and has neen ignored. For

NGC 6702 the correction is + 0.025 mag, and&for‘NGC 4889 it is

'+ 0.060 mag. Tnese corrections have been applied inlfigure 1.
Supplémentary broad-band data at the conventional infrared

bands at 1.25,1.65 and 2.2 p were obtained of the central 537

of 10 galaxies; these data will be published separately.

III. DISCUSSION

The maln results of the observations are apparent from
,flgure 1 and table 1: the mean strength of the CO band in the
galaxies excludes the dominance of dwarf stars and corresponds
to late K to early M giant'stars: there is a spread of less
_than 0.1 mag in the CO index between the galaxles, and there
is no strlklng dependence of CO 1nder on measuring aperture-
size for individual galaxies.

It is important to assess the_effects of abundance—variations
_on‘ﬁhese results. .As pointed out previodsly (Frogel 1971,
‘Baldwin et al.l1973b), the CO band which is neasured by the
- CO index is most'likeiy saturated, and even 1arge changes.

_1n the CO abundance in stars should have no observable effect.
In thlS regard Rldgway (1974) has exp11c1t1y demonstrated

'that the strength of thlS band is not sensitive to meta111c1ty



effects iﬁ‘early K-giants. 1In addition, the sample in figure 1
includes both s;per~métalgrich and metél—poor stars,.whose Co
indiées do not differ Sysﬁematically from the mean. Thus any
difference in CO band strength observed, either radially in one
galaxy, or from galagy~to—galaxy, would necessarily bhe due to

a change in stellar p;pulation.

The récent rezsults of Whitford (19735 énd O'Connell {1974)
are in'ggreement with the conélusion that high luminosity stars
dom?néﬁe the radiation of the nuclei of elliptical galaxies.
Theseéuthors-rule out dwérf-enriched models by measuring the
strengths of the Wiﬁg—Fora band at 9910 A (Whitford 1973} and
the Ca II + TiO features near éSOOﬁ.(O'Connell 1974) .

The broad-band measurements were used in an attempt’ to
wdetermiﬁe'the effective spectral types of the galaxies in
1t¥12—u region, The spread in the colors observed was only
slightly greater than expected from the errors of the measurements,
and, although the data are very limited, the colors do not depend
on aperﬁu;e size, Thé mean colors for the ten galaxies are
[1.é5 nl - [2.2 n] = 0.97 £0;03, and [1.65 p] - [2.2 u} = 0.21 = g 02.
From Johnson's (1966) tabulation of Stellaf colors, these means
implf a spectral type betweén KS and MS for giant-dominated

light. A comparison of the 2.2-y magnitudes with published



V magnitudes measured with similar sizeﬁ-apcftures, shows that
[?.2 u] ranges frcm 3.2 to acout 3.4; which corresponds
to K4 —.KS giants. Thus, the‘dominant—spectral type.contributing
to the 2.2-y radiation cannot be any earlier than this.
' The observations made with the 1795.aperture on the‘200—inch
form thellargest‘Set of homogeneous dataepreSented here. The

range of values of the-CO:index‘(O.l mag) is greater than what
weuld be expectedcfrom the measuring errcrs alone. This may
‘indicete’a true disperscn in the CO index of the sample of
galaxies; or could arise from fadial gradientshih the CO index
in individual galaxies. The latter efféct would influence the
chervaticns because a diffesent fraction of each galaxy is'

sampled w1th a single aperture.

Of the 15 galax1es measured w1th a 17'5 aperture, six were
calso meaSurea with a 59" aperture and two of these were measureaq
with a 50" aperture. Although there is a tendency for measurements

whlch 1nclude a larger fractlon of the galactlc radlatlcn to
yleld smaller cO indices than those which lnclude a smaller

fractlon, the differences are too small, and the'number

of galaxies-observed is too few, for any significance to be
'_sttached to this treﬁd et the present tiﬁe. Observations of
these galaxies with epertures between 2 and 3' in diameter are
currently in progress. | |

| Tlnsley (1973) has.dlscussed an- approach to determlnlng

| the_chluticnary corsection to qo, the deceLeraticn parameter,

| sia the‘strength_cf-the Cb bands:in giant.ellipticals. The data

- presented in this paper cannot as yet be used for such a
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purposc because of the small aperture sizes uscd.- For example
I . . . Al ¥

in NGC 4486 less than‘one-third Qf'the light at 2.2 p is observed
in the 59" aperture and a substantial‘radial gradient in the
CO index cannot be ruled out until this gélaxy is measured:
with a larger aperture. If, however,-the'co'index ofrtﬁis-and
other'galaxies remains'constant with increasing radius; a significant
negative evolutionary éorrection to 9, is implied (Tigsleyi973).
The present data arE'probably_ﬁost'useful in coﬁplementing
optical data for the.constrgction.of stellar synthesis models?
and understanding the evolution of thelcentrai regions of eiliptiéal
galaxies (Faber 1972, Rose and Tinsley 1974).

The authors wish to thank Dr. A. Sandage and.Dr.'B. Tinsléy‘
fqr discuSsions,'G. Tuton.for assistance at the 200-inch, and.
5. Butlé: for help in reducing the data. part of this work was
-pérfdrmed under National Aeronautics and Space Administratién

grant NGL 05-002-207 and National Science Founaation grént
GP 35545X. | |



TABLE 1

OBSERVED CO INDICES OF GALAXIES}

PROJECTED APERTURE DIAMETER

GALAXY TypE* - 3
1795 - 50" 59"
o ~t ,
NGC - 221 E2 0.16 £ 0.02
NGC 2655 SAB 0/a - 0.19 * 0,01 : 0.21 + 0.02
NGC 3379 El 0.24 £ 0.01
NGC 3384 SBO - 0.24 + 0.01
NGC 3607 - SaQ 0.21 + 0.01
NGC 3608 E2 0.22 + 0,02
NGC 4278 El 0.17 £ 0,02
NGC 4374 El 0.20 £ 0,02 -~ 0.20 % 0.02 0.18 * 0.02 .
NGC 4406 E3 , 0.22 * 0.01 ‘ 0.19 * 0.01
NGC 4472 2 0.22 + 0,01 '
NGC 4486 ' EOp 0.20 £ 0.01 0.16 ¢ Q.01 0.18 ¢+ 0.01
NGC 4649 E2 0.23 £ 0.01
"NGC 4889 " E4 0.14 + 0,03
NGC 5846 - EO 0.22 ¢+ 0,02 - 0.19 + 0.01
NGC 5882 E3 0.16 + 0.01 T 0.15 + 0.05
NGC 6702 © E4 0.16 * 0.03
¥ The CO index is the @.4qj - @.Zu].color in magnitudes, with the CO

index of a Lyr defined to be 0.0. The values for NGC 4889 and NGC
6702 have not been corrected for redshift.,

* From de Vaucouleurs and de Vaucouleurs (1964).

t For NGC 221, 1.5-m Mt. Hopkins (40").
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FIGURE CAPTIOHNS

[
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Fig. 1. - Ploﬁ of the CO index ([2.4y - [2;2{] color, with
rthe colorof a Lyr = 0.0) versus speétrél‘type for stérs and
galaxies.i The galaxy data are grouped into intervals of 0.02
mag,land plotted as é'histogram. {(Three significant figures.
were used in drawing the histogram.) Multiaperture data for
individual galaxies have.been aﬁeraged.' The CO indices for
‘NGC 6702 énd‘SGC 4889 have been correéted for redshift as

discussed in the text.
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